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The Short-Backfire Antenna 

Backfire antennas discussed, |l) to |6|, 
are rharacteri/ed hy the multiple reflection 
of electromannetir waves bfltWWII two 
plane reflectors of different si/e, with the 
enerpy Mag hound to the longitudilUÜ ari- 
teuna axis by a slow wave structure. A 
sketch of a typical backfire antenna is 
shown in Fig. 1; M marks the larger, K the 
smalk'i of the two plane rcfleitors that are 
arranged parallel to each other and trans- 
verse to the longitudinal antenna axis. The 
D's indicate a row of dipolc elements that 

constitutes the slow wave structure. The 
spacing A between the plane reflectors M 
and R is also the total axial length of the 
backfire antenna. 

The open region between the pi.me re- 
flectors acts similarly to a laser cavity |5), 
\(-i\, with a standing-wave field dNlrilmtion 
along the axis. The energy is radiated off 
through the ajierture plane YV which 
pMM through reflector R. Optimized con- 
ditions, which include optimum adjustment 
of height and spacing of the dipole elements 
D as well as of the si/e of the reflectors M 
and R, yield a gain increase of 6 db above an 

equal-length endfire antenna. For larger 
backfire antennas an even higher increase in 
gain is possible if stacked reflectors are 
used 15], [6]. 

Until very recently, only backfire an- 
tennas th.it were at least one wavelength 
long had lieen investigated. As ;i result of 
more recent work, however, an even shorter 
hackfire antenna—in fact, the shortest one 
at all conceivable (approximately 0.5 X 
long)—has awakened an interest all its own. 
This   "short-backfire"  antenna   is  so com- 

Manuwript rrceived jiinf 1. I'XiS. 
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Kiii. I.     Barktir«4 antenna strmturr. 

pact th.it practically .ill <>f thu HMf|y r.uli- 
.ittil into the laxity is intrneplod ]t\ re- 
fkntors M .nui K. Over surh ,i short dis- 
tame, a ilow-wave structure would he of no 
help in trapping the energy, and is therefore 
not used. The new "iteuna thus ronsists of 
only the plane reflectors .1/ and H. spaceti 
.ipi)nixim.itel half a wavelength apart, and 
the feed lietween them. Although its lusic 
structure is still laoognisabiy that of the 
hacktire antenna, the short-hacklire au- 
tenu.i dilfers so noticeahh in design princi- 
ples and specitic constructions descrilied, 
[1 ] tn |6], as to justifs a ipacfad name. 

A photograph of an .V-liand short-hack- 
lire antenna model for 3000 Mil/ (X=10.0 
cm) is shown in Fiv;. 2(a).   The diameter of 

(a) 

(I.) 

Kin. 2.     > haml nuxH   i -li..it bat k tit r .iiiiiiin.i   (a) Antenna -IHM tute. 
(1)1  /•.   tod // plMM liattftn f« «IMKI Mil/. 

the larger reflector (M) is 2.0 \; the smaller 
reflector (/O is a circular metal disk 0.4 X in 
diameter, spaced O.S A from the larger re- 
flector. It oilers the advantage of heiiiH 
insensitive to the |xilari/atit)a of the feed, 
which may COweqilWItly he linear in any 
direction, circular or crossed. The width of 
the rim surrounding; reflector II is 0.25 X. 
Kither reflector could lie made from solid or 
IK'rforafed sheet material, or any other 
structural design equivalent in reflectivity. 

The conlinuration of the short-hacklire 
seems to he somewhat similar to that of the 
"reflex" antenna developed hy (i. v. Trentini 
|7]. I lowever, the two antennas are hased on 
quite different principles and aho differ 
essentially in structure. The reflex antenna 
applies multiple reflection helweeu a total re- 
flector and a partial one of eijiial area that 
usually consists of a nuniher of parallel 
metal rodr or strips, the radiating aperture 
Mao delineil \,y the structure and reflec- 
tivity of the partial reflector, hi contrast the 
two reflectors of the short-hacklire antenna 
(.1/ and AM differ radically in area (area 
ratio hetween 15-to-l and .W-to-l ), with the 
smaller reflector (/0 in its simplest form 
consisting of a solid metal disk; the radiating 
aperture forms in the area siirronndinn the 
smaller reflector and extends—undisturhed 
hy metal rods or strips-even heyond the 
cross-sectional area of the larger reflector, as 
an experimental nearlield study has shown. 

The pdfl of the short-hacklire antenna of 
Fi^;. 2(a) was measured to he 13.1 dB almve 
a di|X)le. or 15.2 dB above isotropic at 3000 
Mil/. Its ,<60" patterns in £ and // plaieare 
presented in Pig, 2(h). Rather remarkahly, 
all sidelohes in the patterns are at least 20 
dH helow the maximum in the K as well as in 
the // plane, and the hacklnbe is far helow 
25 dM. the lowest level that shows in these 
patterns; further measurements indicated 
that it is in fact more than ,'() dB helow the 
maximum. These "clean"' patterns were oh- 
I.IIIUMI over a frequency ran^e of l-to-1.4. 
Hecause the relativ JIV hi^h |tin of the short- 
hacklire is mainly due to the higher direc- 
tivity in the // plane, this antenna type is 
especially suitable for the reception of hori- 
zontally (xilari/ed fields on or near pound. 

The progress achieved with the new an- 
tenna structure can liest he demonstrated 
hy comparinn it with the Vagi as the most 
frequently used endlire. A conventional Va^i 
with a K>'in of 15 dM isotropic has to heahout 
4.0 X Ion«, and needs 15 to 20dipole elements. 
The patterns of «ain-optimi/ed Yagil have 
relatively hi^h sidelohes, however, especially 
in their //-plane patterns. To obtain pat- 
terns comparalile to the low side— and hack- 
lohe patterns of the short-hacklire. the 
numher of refle« tors and the axial length of 
the Va^i (numher of directors) would have 
to he markedly increased, and the directors 
would require tapering to lower heights 
toward the radiating antenna termination. 
In F|g, ,i the short-liacklire auteiiiia (a) and 
Va^i (hi, lioth constructed to have the same 
gnin and nboul tbe same pattern quality, 
are shown to the s ime Kalini factor so 'hat 
they can be directl) compared In dm and 
material requirements. Although the re- 
flector area of the short-hacklire aiitenna is 
larger than that of the Vaiji, and in addition 
a second small reflector is need«!, the an- 
tenna  length is les- than one-tenth that of 
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Kig. i. Comparison of the [iliypical structures of a 
ahort-backtire antenna and a Yani with approxi- 
mately the same patternsand gain (15 dli above iso- 
tropic), (a) Short-backfire antenna. (b)Yagi antenna. 

the Yaj;i and the niiinlici- of dipole fletncut^ 
is only 1 in contrast to 27 eleim-nts for the 
Vajji (including 5 reflector dipoles not 
shown). 
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